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FLYBACK POWER CONVERTER AND
SECONDARY SIDE CONTROLLER CIRCUIT
AND CONTROL METHOD THEREOF

CROSS REFERENC.

L1l

The present invention claims priority to U.S. 62/9135,622
filed on Oct. 15, 2019 and claims priority to TW 109103973
filed on Feb. 7, 2020.

BACKGROUND OF THE INVENTION

Field of Invention

The present invention relates to a flyback power con-
verter; particularly, 1t relates to such flyback power converter
capable of achieving zero voltage switching (ZVS). The
present invention also relates to a secondary side controller
circuit and a control method for use 1 a flyback power
converter.

Description of Related Art

Prior arts relevant to this invention are: “A Novel Soft

Switching Flyback Converter with Synchronous Rectifica-
tion”, by W. Yuan et al., IEEE IPEMC, 2009, and “A Novel
Variable Frequency Soft Switching Method for Flyback
Converter with Synchronous Rectifier”, by X. Huang et al.,
IEEE, 2010.
Please refer to FIG. 1A. For the flyback power converter
1000 shown 1n FIG. 1A to achieve zero voltage switching
(ZVS), the synchronous rectification (SR) signal S2C of the
flyback power converter 1000 should include an SR pulse
and a ZVS pulse, and according to the above-mentioned
reference documents, the ZVS pulse has a ZVS period
T_7ZVS, which has an optimum solution as expressed by
following equation (1):

Cp eq. 1

\/[V.inz — (nVo)*] —
Lm
T ZVS =

nVo

wherein Vin denotes an input voltage, Vo denotes an output
voltage, n denotes a turn ratio of a primary side winding W1
to a secondary side winding W2, Cp denotes parasitic
capacitance of parasitic capacitor of a primary side switch
S1, Lm denotes leakage inductance of a primary side wind-
ing Wi1.

The question 1s how to precisely achieve the above-
mentioned equation and realize 1t in the practical circuitry.
In this regard, the present invention proposes a circuit and a
method capable of effectively obtaiming parameters such as
the input voltage Vin and the output voltage Vo to determine
the ZVS period T_ZVS, so as to control the primary side
switch S1 accurately to precisely achieve zero voltage
switching, for enhancing power conversion efliciency.

SUMMARY OF THE

INVENTION

From one perspective, the present invention provides a
flyback power converter, which i1s configured to operably
convert an mput voltage to an output voltage; the flyback
power converter comprising: a power transformer, which 1s
coupled between the mput voltage and the output voltage; a
primary side switch, which 1s coupled to a primary side
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2

winding of the power transformer, wherein the primary side
winding 1s coupled to the input voltage; a synchronous
rectification (SR) switch, wherein a secondary side winding
of the power transformer and the SR switch are coupled 1n
series to each other between the output voltage and a
secondary side ground node; a primary side controller
circuit, which 1s configured to operably generate a switching
signal, to control the primary side switch, thereby control-
ling the primary side winding of the power transformer; and
a secondary side controller circuit, which 1s configured to
operably generate an SR signal, to control the SR switch,
thereby controlling the secondary side winding of the power
transformer to generate output voltage, wherein the SR
signal includes an SR pulse and a zero voltage switching
(ZVS) pulse, wherein the SR pulse 1s configured to operably
control the SR switch to be ON for an SR period, to achieve
synchronous rectification at the secondary side, and wherein
the ZVS pulse 1s configured to operably control the SR
switch to be ON for a ZVS period, thereby achieving zero
voltage switching of the primary side switch; wherein during
a period between an ending time point of the ZVS pulse to
a following starting time point of the SR pulse, the second-
ary side controller circuit 1s configured to operably sample-
and-hold a voltage of a first end of the SR switch to be a first
voltage and the secondary side controller circuit 1s config-
ured to operably determine a length of the ZVS period
according to the first voltage, wherein the first voltage 1s
proportional to the mput voltage, and wherein the first end
of the SR switch corresponds to a current output end or a
current input end of the SR switch.

In one embodiment, the secondary side controller circuit
includes: a sample-and-hold circuit, which 1s configured to
operably sample-and-hold the voltage of the first end of the
SR switch to be the first voltage during the period between
the ending time point of the ZVS pulse to the following
starting time point of the SR pulse; a level comparison
circuit, which 1s configured to operably compare the first
voltage with at least one reference level, to generate a first
comparison result corresponding to the first voltage; and a
time generation circuit, which 1s configured to operably
determine the length of the ZV'S period according to the first
comparison result corresponding to the first voltage.

In one embodiment, the secondary side controller circuit
1s configured to operably determine the length of the ZVS
period further according to the output voltage.

In one embodiment, the secondary side controller circuit
1s directly coupled to the output voltage, to operably deter-
mine the length of the ZVS period further according to the
output voltage.

In one embodiment, during a period between an ending
time point of the SR pulse to a following starting time point
of the ZVS pulse, the secondary side controller circuit 1s
configured to operably sample-and-hold a voltage of the first
end of the SR switch to be a second voltage and the
secondary side controller circuit 1s configured to operably
determine the length of the ZV'S period further according to
the second voltage, wherein the second voltage 1s propor-
tional to the output voltage.

In one embodiment, the sample-and-hold circuit 1s further
configured to operably sample-and-hold the voltage of the
first end of the SR switch to be the second voltage during the
period between the ending time point of the SR pulse to the
following starting time point of the ZVS pulse; the level
comparison circuit 1s further configured to operably compare
the second voltage with the least one reference level, to
generate a second comparison result corresponding to the
second voltage; and the time generation circuit 1s further
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configured to operably determine the length of the ZVS
period further according to the second comparison result
corresponding to the second voltage.

In one embodiment, the secondary side controller circuit
turther includes: a selection circuit, which 1s configured to
operably determine whether the level comparison circuit
receives the first voltage or the output voltage; wherein
when the level comparison circuit receives the first voltage,
the level comparison circuit 1s configured to operably com-
pare the first voltage with the at least one reference level, to
generate the first comparison result corresponding to the first
voltage; wherein when the level comparison circuit receives
the output voltage, the level comparison circuit 1s configured
to operably compare the output voltage with the at least one
reference level, to generate the second comparison result
corresponding to the second voltage; wherein the time
generation circuit 1s configured to operably determine the
length of the ZVS period according to the first comparison
result corresponding to the first voltage and the second
comparison result corresponding to the second voltage.

In one embodiment, the secondary side controller circuit
1s configured to operably sample-and-hold the voltage of the
first end of the SR switch to be the first voltage after a delay
period from an ending time point of the ZVS pulse; wherein
at the ending time point of the delay period, the voltage of
the first end of the SR switch has already been stable.

In one embodiment, starting from an ending time point of
the ZVS pulse, the secondary side controller circuit 1s
configured to operably sample-and-hold the voltage of the
first end of the SR switch for plural times until a difference
between two consecutive sample-and-hold results 1s smaller
than a predetermined difference threshold; wherein under a
situation where the two consecutive sample-and-hold results
1s smaller than the predetermined difference threshold, the
secondary side controller circuit takes a last sample-and-
hold result as the first voltage.

In one embodiment, the input voltage 1s equal to n-fold of
the first voltage, wherein n 1s a turn ratio of the primary side
winding to the secondary side winding.

In one embodiment, the flyback power converter operates
under a discontinuous conduction mode (DCM) or a bound-
ary conduction mode (BCM).

In one embodiment, the level comparison circuit 1s con-
figured as one of the following: (1) the level comparison
circuit 1ncludes: a digital-to-analog conversion circuit,
which 1s configured to operably generate the at least one
reference level in analog form; and a voltage comparison
circuit, which 1s configured to operably compare the first
voltage with the at least one reference level 1n analog form,
to generate the first comparison result; or (2) the level
comparison circuit includes: an analog-to-digital conversion
circuit, which 1s configured to operably convert the first
voltage to a first digital code corresponding to the first
voltage; and a digital comparison circuit, which 1s config-
ured to operably compare the first digital code with a digital
level, to generate the first comparison result, wherein the
digital level corresponds to the at least one reference level.

From another perspective, the present invention provides
a secondary side controller circuit, which 1s configured to
operably control a flyback power converter, wherein the
flyback power converter 1s configured to operably convert an
input voltage to an output voltage, the flyback power con-
verter mcluding: a power transformer, which 1s coupled
between the input voltage and the output voltage; a primary
side switch, which 1s coupled to a primary side winding of
the power transformer, wherein the primary side winding 1s
coupled to the mput voltage; a synchronous rectification
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(SR) switch, wherein a secondary side winding of the power
transformer and the SR switch are coupled 1n series to each
other between the output voltage and a secondary side
ground node; and a primary side controller circuit, which 1s
configured to operably generate a switching signal, to con-
trol the primary side switch, thereby controlling the primary
side winding of the power transformer; wherein the second-
ary side controller circuit 1s configured to operably generate
an SR signal, to control the SR switch, thereby controlling
the secondary side winding of the power transformer, so as
to generate output voltage, wherein the SR signal includes
an SR pulse and a zero voltage switching (ZVS) pulse,
wherein the SR pulse 1s configured to operably control the
SR switch to be ON for an SR period, to achieve synchro-
nous rectification at the secondary side, and wherein the
ZVS pulse 1s configured to operably control the SR switch
to be ON for a ZVS period, thereby achieving zero voltage
switching of the primary side switch; the secondary side
controller circuit comprising: a sample-and-hold circuat,
which 1s configured to operably sample-and-hold a voltage
of a first end of the SR switch to be a first voltage during a
period between an ending time point of the ZVS pulse to a
following starting time point of the SR pulse, wherein the
first voltage 1s proportional to the input voltage, and wherein
the first end of the SR switch corresponds to a current output
end or a current mput end of the SR switch; and a time
generation circuit, which 1s configured to operably deter-
mine the length of the ZVS period according to the first
voltage.

From yet another perspective, the present invention pro-
vides a control method, which 1s configured to operably
control a flyback power converter, wherein the flyback
power converter 1s configured to operably convert an input
voltage to an output voltage, the flyback power converter
including: a power transformer, which 1s coupled between
the mput voltage and the output voltage; a primary side
switch, which 1s coupled to a primary side winding of the
power transiormer, wherein the primary side winding 1s
coupled to the mput voltage; a synchronous rectification
(SR) switch, wherein a secondary side winding of the power
transformer and the SR switch are coupled 1n series to each
other between the output voltage and a secondary side
ground node; and a primary side controller circuit, which 1s
configured to operably generate a switching signal, to con-
trol the primary side switch, thereby controlling the primary
side winding of the power transformer; wherein the second-
ary side controller circuit 1s configured to operably generate
an SR signal, to control the SR switch, thereby controlling
the secondary side winding of the power transformer to
generate output voltage, wherein the SR signal includes an
SR pulse and a zero voltage switching (ZVS) pulse, wherein
the SR pulse 1s configured to operably control the SR switch
to be ON for an SR period, to achieve synchronous rectifi-
cation at the secondary side, and wherein the ZVS pulse 1s
configured to operably control the SR switch to be ON for
a ZVS period, thereby achieving zero voltage switching of
the primary side switch; the control method comprising;:
during a period between an ending time point of the ZVS
pulse to a following starting time point of the SR pulse,
sampling-and-holding a voltage of a first end of the SR
switch to be a first voltage, wherein the first voltage 1s
proportional to the input voltage, and wherein the first end
of the SR switch corresponds to a current output end or a
current input end of the SR switch; and determining a length
of the ZVS period according to the first voltage.

In one embodiment, the control method further com-
prises: during a period between an ending time point of the
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SR pulse to a following starting time point of the ZV'S pulse,
sampling-and-holding a voltage of the first end of the SR
switch to be a second voltage; and determining the length of
the ZVS period according to the second voltage, wherein the
second voltage 1s proportional to the output voltage.

In one embodiment, the step of sampling-and-holding the
voltage of the first end of the SR switch to be the first voltage
includes: sampling-and-holding the voltage of the first end
of the SR switch to be the first voltage after a delay period
from an ending time point of the ZVS pulse; wherein at the
ending time point of the delay period, the voltage of the first
end of the SR switch has already been stable.

In one embodiment, the step of sampling-and-holding the
voltage of the first end of the SR switch to be the first voltage
includes: starting from an ending time point of the ZVS
pulse, sampling-and-holding the voltage of the first end of
the SR switch for plural times until a difference between two
consecutive sample-and-hold results 1s smaller than a pre-
determined difference threshold; and when the two consecu-
tive sample-and-hold results 1s smaller than the predeter-
mined diflerence threshold, taking a last sample-and-hold
result as the first voltage.

The objectives, technical details, features, and effects of
the present invention will be better understood with regard

to the detailed description of the embodiments below, with
reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a schematic diagram of a flyback power
converter according to an embodiment of the present inven-
tion.

FIG. 1B shows a schematic diagram of a flyback power
converter according to another embodiment of the present
invention.

FIG. 2 illustrates a wavelorm diagram depicting the
operation of a flyback power converter according to the
present invention.

FIG. 3 illustrates a waveform diagram depicting the
operation of a flyback power converter according to the
present mvention.

FIG. 4 shows an embodiment of a secondary side con-
troller circuit according to the present ivention.

FIG. 5 shows another embodiment of a secondary side
controller circuit according to the present invention.

FIG. 6 shows yet another embodiment of a secondary side
controller circuit according to the present invention.

FIG. 7 shows still another embodiment of a secondary
side controller circuit according to the present invention.

FIG. 8 shows still another embodiment of a secondary
side controller circuit according to the present invention.

FIG. 9 illustrates a wavelorm diagram depicting the
operation of a flyback power converter according to the
present mvention.

FIG. 10 shows still another embodiment of a secondary
side controller circuit according to the present invention.

FIG. 11A and FIG. 11B show two specific embodiments
of a level comparison circuit according to the present
invention, respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The drawings as referred to throughout the description of
the present invention are for illustration only, to show the
interrelations between the circuits and the signal waveforms,
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but not drawn according to actual scale of circuit sizes and
signal amplitudes and frequencies.

Please refer to FIG. 1A, which shows a schematic dia-
gram ol a flyback power converter (1.e., flyback power
converter 1000) according to an embodiment of the present
invention. The flyback power converter 1000 1s configured
to operably convert an input voltage Vin to an output voltage
Vo. The flyback power converter 1000 comprises: a power
transformer 10, a primary side switch S1, a synchronous
rectification (SR) switch S2, a primary side controller circuit
20 and a secondary side controller circuit 30.

The power transformer 10 1s coupled between the 1nput
voltage Vin and the output voltage Vo. The primary side
switch S1 1s coupled to a primary side winding W1 of the
power transformer 10. The primary side winding W1 1s
coupled to the input voltage Vin. The SR switch S2 and the
secondary side winding W2 of the power transformer 10 are
coupled 1n series to each other between the output voltage
Vo and a secondary side ground node. In this embodiment,
the SR switch S2 1s coupled between the secondary side
winding W2 of the power transformer 10 and the secondary
side ground node.

Please refer to FIG. 1B, which shows a schematic diagram
of a flyback power converter according to another embodi-
ment of the present mnvention. This embodiment 1s similar to
the embodiment of FIG. 1A, but 1s different 1n that: in this
embodiment, the SR switch S2 1s coupled between the
secondary side winding W2 of the power transformer 10 and
the output voltage Vo. For simplicity in explaining the
concepts of the present invention, the following description
will focus on the implementation wherein the SR switch S2
1s coupled between the secondary side winding W2 of the
power transformer 10 and the secondary side ground node
(1.., the embodiment shown 1n FIG. 1A); however certainly,
the spirit of the present invention can also apply to the
implementation wherein the SR switch S2 1s coupled
between the secondary side winding W2 of the power
transformer 10 and the output voltage Vo (i.e., the embodi-
ment shown in FIG. 1B).

Please still refer to FIG. 1A. The primary side controller
circuit 20 1s configured to operably generate a switching
signal S1C for controlling the primary side switch Sl1,
thereby controlling the primary side winding W1 of the
power transiormer 10. The secondary side controller circuit
30 1s configured to operably generate an SR signal S2C for
controlling the operation of the SR switch S2, thereby
controlling the secondary side winding W2 of the power
transiformer 10 to generate output voltage Vo. Voltage VDS1
denotes a drain voltage of the primary side switch S1,
whereas, voltage VDS2 denotes a voltage of a first end of the
SR switch S2. In this embodiment, the “first end of the SR
switch S2”” indicates a drain (1.e., a current output end) of the
SR switch S2 and the “second end of the SR switch S2”
indicates a source (1.€., a current input end) of the SR switch
S2. But 1n the embodiment wherein the SR switch S2 1s
coupled between the secondary side winding W2 of the
power transformer 10 and the output voltage Vo (1.e., the
embodiment shown 1n FIG. 1B), the “first end of the S
switch S2”” indicates a source (1.e., a current input end) of the
SR switch S2, whereas, the “second end of the SR switch
S2” indicates a drain (1.e., a current output end) of the SR
switch S2.

Please refer to FIG. 2 in conjugation with FIG. 1A. FIG.
2 1llustrates a wavelorm diagram depicting the operation of
a tlyback power converter. In this embodiment, the flyback
power converter 1000 of the present invention operates
under a discontinuous conduction mode (DCM). According
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to the present mvention, the SR signal S2C includes an SR
pulse PSR and a zero voltage switching (ZVS) pulse PZV.
After the primary side switch S1 1s turned ON and subse-
quently OFF (e.g., as shown by the time point t3 in FIG. 2),
the SR pulse PSR 1s configured to operably turn ON the SR
switch S2 for an SR period T_SR, to achieve synchronous
rectification at the secondary side. The SR period T_SR 1s
substantially synchronous with an ON period of a conduc-
tion current of the secondary side winding W2. In other
words, the SR period T_SR begins at the time point (1.¢., the
time point t3) when energy starts being transierred from the
primary side winding W1 to the secondary side winding W2
to generate the secondary side current ISR, and the SR
pertod T_SR ends at the time point (1.e., the time point t4)
when the secondary side current ISR of the secondary side
winding W2 1s reduced to zero, thus enhancing the power
conversion efliciency.

On the other hand, the ZVS pulse PZV 1s configured to
achieve zero voltage switching of the primary side switch
S1. When the power transformer 10 1s demagnetized and
when the SR switch S2 1s turned ON according to the ZVS
pulse PZV (e.g., as shown by the time point t0 or t5 1n FIG.
2), the power transformer 10 will conduct a negative direc-
tion secondary side current ISR through the secondary side
winding W2. That 1s, as shown 1n FIG. 2, when the second-
ary side current ISR 1s negative (e.g., as shown by t0-t1 1n
FIG. 2), during this period, the secondary side current ISR
will transfer energy from the output capacitor Co to the
secondary side winding W2. When the ZVS pulse PZV ends
and the SR switch S2 1s turned OFF (e.g., at the time point
t1), the power transformer 10 will conduct a negative
direction primary side current Ip at the primary side winding
W1; durning this period (1.e., from the time point t1 to the
time point t2), the negative direction primary side current Ip
can discharge a parasitic capacitor Cp of the primary side
switch S1 to substantially OV and store charges to the input
capacitor Ci. When the primary side switch S1 is subse-
quently turned ON, zero voltage switching (ZVS) 1s
achieved.

“Zero voltage switching (ZVS)” refers to: before a tran-
sistor (e.g., the primary side switch S1) 1s turned ON, the
residue voltage stored 1n the parasitic capacitor Cp of this
transistor 1s discharged to OV wvia a discharging current
through a discharging path without power loss (e.g., via the
primary side winding W1), and the charges are stored nto a
device without power loss (e.g., the input capacitor C1). As
a consequence, when the transistor 1s turned ON, a drain-
source voltage of the transistor has already been reduced to
0V, which 1s “ZVS”. Because discharging process of the
parasitic capacitor Cp of this transistor 1s not subject to an
cllect of the ON resistance of the transistor, power conver-
sion efliciency 1s enhanced.

Note that although the parasitic capacitor being dis-
charged to OV 1s preferred, however due to non-idealities
caused by for example imperfection of components or
imperfect matching among components, the voltage of the
parasitic capacitor may not be discharged exactly to OV, but
just close to OV. In other words, according to the present
invention, a certain level of error between 0OV and the
voltage of the parasitic capacitor after discharge 1s accept-
able, and therefore the term “substantially” 1s used to mean
that an 1nsignificant error within a tolerable range 1s accept-
able. Other occurrences of the term “substantially” also
mean that an insignificant error within a tolerable range 1s
acceptable.

Please still refer to FIG. 2. In one embodiment, during a
period between an ending time point of the ZVS pulse PZV
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to a following starting time point of the SR pulse PSR, the
secondary side controller circuit 30 samples-and-holds a
voltage VDS2 of a first end of the SR switch S2, to be a first
voltage Vvl, and the secondary side controller circuit 30
determines a length of the ZVS period T_ZVS according to
the first voltage Vvl. The first voltage Vvl 1s proportional
to the mput voltage Vin. More specifically, for example as
shown 1n FIG. 2, during a period from the time point t1 to
the time point t3 (1.e., period TVi_sampling), the secondary
side controller circuit 30 samples-and-holds the voltage
VDS2 of the first end of the SR switch S2 to be the first
voltage Vv, and the secondary side controller circuit 30
determines the length of the following ZVS period T_ZVS
according to the first voltage Vvl.

In one embodiment, a preferred timing for sampling-and-
holding the voltage VDS2 of the first end of the SR switch
S2 1s after the voltage VDS2 has already been stable. More
specifically, during this period (i.e., period TVi_sampling),
when the voltage VDS2 of the first end of the SR switch S2
has already been stable, the level of the voltage VDS2 1s
Vin/n, wherein Vin denotes the input voltage and n denotes
a turn ratio of the primary side winding W1 to the secondary
side winding W2.

Please refer to FIG. 3, which illustrates a waveform
diagram depicting the operation of a flyback power con-
verter according to the present invention. In this embodi-
ment, the flyback power converter 1000 operates under a
boundary conduction mode (BCM). This embodiment 1s
similar to the embodiment of FIG. 2, but 1s different 1n that:
as shown 1n FIG. 3, when the SR pulse PSR ends (i.e., when
the SR period T_SR ends, e.g. as shown by the time point t4
in FIG. 3, and at this time point the secondary side current
ISR 1s reduced to zero), the ZVS pulse PZV of the SR signal
S2C immediately follows (1.e., from the time point t4 to the
time point t5, which immediately follows the ending time
point t4 of the SR period T_SR). In other words, 1n this
embodiment, the SR pulse PSR of the SR signal S2C 1s
connected to the ZVS pulse PZV of the SR signal S2C, so
that the wavetform of the SR signal S2C appears to be only
one single pulse 1n one cycle. Note that, 1n one embodiment,
during the SR period T_SR (e.g., from the time point 3 to
the time point t4) when the SR pulse PSR 1s ON, the
secondary side current ISR 1s positive (in this embodiment,
the output current i1s positive), whereas, during the ZVS
pertod T_ZVS (e.g., from the time point t4 to the time point
t5) when the ZVS pulse PZV 1s ON, the secondary side
current ISR 1s negative.

Besides, in this embodiment, during a period (e.g., from
the time point t1 to the time point t3 1n FIG. 3) between an
ending time point of the ZVS pulse PZV to a following
starting time point of the SR pulse PSR, the secondary side
controller circuit 30 samples-and-holds the voltage VDS2 of
the first end of the SR switch S2 to be the first voltage Vvl,
and the secondary side controller circuit 30 determines the
length of the ZVS period T_ZVS according to the first
voltage Vvl. The first voltage Vvl 1s proportional to the
input voltage Vin.

Please refer to FIG. 4, which shows an embodiment of a
secondary side controller circuit (1.e., secondary side con-
troller circuit 304) for use 1 a flyback power converter
according to the present invention. In this embodiment, the
secondary side controller circuit 304 includes: a sample-
and-hold circuit 31 and a time generation circuit 32. The
sample-and-hold circuit 31 1s configured to operably
sample-and-hold the voltage VDS2 of the first end of the SR
switch S2 to be the first voltage Vv1, during the period (e.g.,
from the time point t1 to the time point t3 in FIG. 2 or FIG.
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3) between the ending time point of the ZVS pulse PZV to
the following starting time point of the SR pulse PSR. The
time generation circuit 32 1s configured to operably deter-
mine the length of the ZVS period T_ZVS according to the
first voltage Vv1. A sample-and-hold signal S/H controls the
time point when the sample-and-hold circuit 31 should
sample-and-hold the voltage VDS2 of the first end of the SR
switch S2. In one embodiment, as shown in FIG. 4, the
sample-and-hold circuit 31 includes: a sample-and-hold
switch SS and a holding capacitor CH.

Please refer to FIG. 5, which shows another embodiment
of a secondary side controller circuit (i.e., secondary side
controller circuit 305) for use 1n a flyback power converter
according to the present invention. In this embodiment, the
secondary side controller circuit 305 includes: a sample-
and-hold circuit 31, a time generation circuit 32' and an
analog-to-digital conversion circuit 33. The sample-and-
hold circuit 31 1s configured to operably sample-and-hold
the voltage VDS2 of the first end of the SR switch S2 to be
the first voltage Vvl during the period (e.g., from the time
point t1 to the time point t3 i FIG. 2 or FIG. 3) between the
ending time point of the ZVS pulse PZV to the following
starting time point of the SR pulse PSR. The analog-to-
digital conversion circuit 33 1s configured to operably con-
vert the first voltage Vv1 to generate a first digital code DC1
corresponding to the first voltage Vvl.

The time generation circuit 32 1s configured to operably

determine the length of the ZVS period T_ZVS according to
the first digital code DCI1.

Please refer to FIG. 6, which shows yet another embodi-
ment of a secondary side controller circuit (i.e., secondary
side controller circuit 306) for use 1 a flyback power
converter according to the present invention. This embodi-
ment 1s similar to the embodiment of FIG. 5, but 1s diflerent
in that: as shown 1n FIG. 6, the time generation circuit 32"
of the secondary side controller circuit 306 1s configured to
operably determine the length of the ZVS period T_ZVS
turther according to the output voltage Vo.

In one embodiment, the relationship among the length of
the ZVS period, the input voltage Vin and the output voltage
Vo can be determined according to the above-mentioned
equation (1) of zero voltage switching. That 1s, an optimum
solution of the ZVS period T_ZVS of the ZVS pulse PZV
can be obtained by the following equation (1):

eq. 1

e

\/ [Vin® — (nVo)*]—
T ZVS =

nVo

In one embodiment, the secondary side controller circuit
can be directly coupled to the output voltage Vo, so that the
secondary side controller circuit can determine the length of
the ZVS pertod T_ZVS fturther according to the output
voltage Vo.

In another embodiment, during a period (e.g., from the
time point t4 to the time poimnt t5 i FIG. 2, namely
TVo_sampling) between an ending time point of the SR
pulse PSR to a following starting time point of the ZVS
pulse PZV, the secondary side controller circuit samples-
and-holds a voltage VDS2 of the first end of the SR switch
S2 to be a second voltage Vv2, and the secondary side
controller circuit determines the length of the ZVS period
T_7ZVS further according to the second voltage Vv2. The
second voltage Vv2 1s proportional to the output voltage Vo.
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Please refer to FIG. 7, which shows still another embodi-
ment of a secondary side controller circuit (1.e., secondary
side controller circuit 307) for use mm a flyback power
converter according to the present mvention. This embodi-
ment 1s similar to the embodiment of FIG. 5, but 1s different
in that: as shown 1n FIG. 7, 1n the secondary side controller
circuit 307, the sample-and-hold circuit 31 and the analog-
to-digital conversion circuit 33 are configured to operably
sense the imput voltage Vin or the output voltage Vo at
different periods. The time generation circuit 32 1s config-
ured to operably determine the length of the ZVS period
T_ZVS according to the mput voltage Vin or output voltage
Vo sensed at different periods.

More specifically, the sample-and-hold circuit 31
samples-and-holds the voltage VDS2 of the first end of the
SR switch S2 to be the first voltage Vvl during a period
(e.g., from the time point t1 to the time point t3 1 FIG. 2)
between the ending time point of the ZVS pulse PZV to the
following starting time point of the SR pulse PSR, and the
analog-to-digital conversion circuit 33 converts the {first
voltage Vv1 to a first digital code DC1 corresponding to the
first voltage Vv1. Furthermore, in this embodiment, the
sample-and-hold circuit 31 further samples-and-holds the
voltage VDS2 of the first end of the SR 52 switch to be the
second voltage Vv2 during a period (e.g., from the time
point t4 to the time point t5 1 FIG. 2) between an ending
time point of the SR pulse PSR to a following starting time
point of the ZVS pulse PZV, and the analog-to-digital
conversion circuit 33 converts the second voltage Vv2 to a
second digital code DC2 corresponding to the second volt-
age Vv2. The time generation circuit 32' determines the
length of the ZVS period T_ZVS according to the first
digital code DC1 (corresponding to the mput voltage Vin)
and the second digital code DC2 (corresponding to the
output voltage Vo). More specifically, as shown 1n FIG. 2,
under DCM, aifter the power transformer 10 has been
demagnetized, the secondary side current ISR 1s reduced to
zero, and a resonance will occur 1n the power transtformer 10
(e.g., referring to the period from the time point t4 to the
time point t5 1n FIG. 2), and the waveiform of the voltage
VDAS2 of the first end of the SR switch S2 will show such
resonance wavelorm whose amplitude 1s related to the
output voltage. Accordingly, through sampling-and-holding
the voltage VDS2 of the first end of the SR S2 switch to be
a second voltage Vv2 during a period (e.g., from the time
point t4 to the time point t5 1 FIG. 2) between an ending
time point of the SR pulse PSR to a following starting time
point of the ZVS pulse PZV, this embodiment can obtain
information related to the output voltage Vo, for determining
the length of the ZVS period T_ZVS.

Please refer to FIG. 10, which shows still another embodi-
ment of a secondary side controller circuit (1.e., secondary
side controller circuit 3010) for use 1n a flyback power
converter according to the present invention. From one
perspective, the above-mentioned analog-to-digital conver-
s1on circuit 33 can be regarded as a level comparison circuit
(e.g., as shown by the level comparison circuit 330 in FIG.
10). The level comparison circuit 330 1s configured to
operably compare the first voltage Vvl with at least one
reference level, to generate a corresponding first comparison
result (which corresponds to the above-mentioned first digi-
tal code DC1), and/or, to operably compare the second
voltage Vv2 with at least one reference level, to generate a
corresponding second comparison result (which corresponds
to the above-mentioned second digital code DC2). The first
comparison result and the second comparison result can be
employed alone or together to determine the length of the
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ZVS period T_ZVS. The approach as to how the first
comparison result and the second comparison result are
employed alone or together to determine the length of the
ZVS period T_ZVS for example can be one of the following.
In one embodiment, the secondary side controller circuit
3010 can select one among plural lengths of the ZV'S period
T_ZVS according to the first comparison result and/or the
second comparison result. In another embodiment, the sec-
ondary side controller circuit 3010 can compute the required
length of the ZVS period T_ZVS according to the first
comparison result and/or the second comparison result. The
embodiment of FIG. 10 can be regarded as a genius form of
the embodiment employing the analog-to-digital conversion
circuit 33 and the digital codes generated by the analog-to-
digital conversion circuit 33.

Please refer to FIG. 11A and FIG. 11B, which show two
specific embodiments of a level comparison circuit (1.e.,
level comparison circuit 330A and 330B), respectively, for
use 1n a tlyback power converter according to the present
invention. As shown 1n FIG. 11 A, 1n one embodiment, the
level comparison circuit 330A includes: a digital-to-analog
conversion circuit 331 and a voltage comparison circuit 332.
The digital-to-analog conversion circuit 331 1s configured to
operably convert a digital number to a reference level Vref
in analog form. The voltage comparison circuit 332 is
configured to operably compare the first voltage Vvl or the
second voltage Vv2 with the reference level Vref which 1s 1n
analog form, to generate the corresponding first comparison
result (corresponding to the above-mentioned first digital
code DC1) or the corresponding second comparison result
(corresponding to the above-mentioned second digital code
DC2).

As shown 1n FIG. 11B, 1n another embodiment, the level
comparison circuit 330B includes: an analog-to-digital con-
version circuit 333 and a digital comparison circuit 334. The
analog-to-digital conversion circuit 333 is configured to
operably convert the first voltage Vvl to generate a digital
code corresponding to the first voltage Vvl, and/or, to
operably convert the second voltage Vv2 to generate a
digital code corresponding to the second voltage Vv2. The
digital comparison circuit 334 1s configured to operably
compare the digital code generated by the analog-to-digital
conversion circuit 333 with a digital number, to generate the
corresponding first comparison result (corresponding to the
first digital code DC1 shown in FIG. 11B) or the corre-
sponding second comparison result (corresponding to the
second digital code DC2 shown in FIG. 11B). The digital

number corresponds to the above-mentioned level Vrelf. In
other words, 1n this embodiment, the reference level Vret 1s
in digital form.

Please refer to FIG. 8, which shows still another embodi-
ment of a secondary side controller circuit (1.e., secondary
side controller circuit 308) for use 1n a flyback power
converter according to the present invention. This embodi-
ment 1s similar to the embodiment of FIG. 5, but 1s diflerent
in that: as shown 1n FIG. 8, 1n this embodiment the second-
ary side controller circuit 308 further includes a selection
circuit 34. The selection circuit 1s configured to operably
control the analog-to-digital conversion circuit 33, to deter-
mine whether the analog-to-digital conversion circuit 33
receives the first voltage Vvl or the output voltage Vo. In
this embodiment, under a situation where the analog-to-
digital conversion circuit 33 receives the first voltage Vvl,
the analog-to-digital conversion circuit 33 1s configured to
operably convert the first voltage Vvl to a corresponding
first digital code DC1, whereas, under a situation where the
analog-to-digital conversion circuit 33 receives the output
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voltage Vo, the analog-to-digital conversion circuit 33 1s
configured to operably convert the output voltage Vo to a
corresponding second digital code DC2. In this embodiment,
the time generation circuit 32" 1s configured to operably
determine the length of the ZVS period T_ZVS according to
the first digital code DC1 (corresponding to the first voltage
Vvl) or the second digital code DC2 (corresponding to the
output voltage Vo).

Please refer back to FIG. 2. In one embodiment, the
above-mentioned secondary side controller circuit (for

example but not limited to the secondary side controller
circuit 304, 306, 307, or 308) samples-and-holds the voltage

VDS2 of the first end of the SR switch S2 to be the first
voltage Vvl after a delay period Tvi from an ending time
point of the ZVS pulse PZV (e.g., referring to the delay
period Tvi following right after the time point t1 1n FIG. 2).
In one embodiment, at the ending time point of the delay
period Tvi, the voltage VDS2 of the first end of the SR
switch S2 has already been stable. More specifically, taking
the embodiments shown 1n FIG. 2 and FIG. 4 as examples,
the above-mentioned secondary side controller circuit (304,
306, 307, or 308) starts counting for the delay period Twvi
from the time point t1. At the time point t2', the secondary
side controller circuit (304, 306, 307, or 308) for example
controls the switch SS to be OFF, thus sampling-and-holding
the voltage VDS2 (which 1s stored in the holding capacitor
CH) of the first end of the SR switch S2 to be the first voltage
Vvl.

Please refer to FIG. 9, which illustrates a wavelorm
diagram depicting the operation of a flyback power con-
verter according to the present mvention. In one embodi-
ment, starting from an ending time point (e.g., the time point
tl1 1n FIG. 9) of the ZVS pulse PZV, the above-mentioned
secondary side controller circuit (1or example but not limited
to the secondary side controller circuit 304, 306, 307, or
308) samples-and-holds the voltage VIDS2 of the first end of
the SR switch S2 for plural times (e.g., as shown by the
voltages VDS2 [1], VDS2[2], VDS2[3] and VDS2 [4] in
FIG. 9) until a difference between two consecutive sample-
and-hold results 1s smaller than a predetermined difference
threshold; when the difference between the two consecutive
sample-and-hold results 1s smaller than the predetermined
difference threshold, the secondary side controller circuit
(304, 306, 307, or 308) takes the last sample-and-hold result
as the first voltage Vv1. More specifically, as shown 1n FIG.
9, starting from an ending time point (e.g., the time point tl
in FIG. 9) of the ZVS pulse PZV, the secondary side
controller circuit (304, 306, 307, or 308) successively
samples-and-holds the voltage VDS2 of the first end of the
SR switch S2 for plural times, as shown by the voltages
VDS2[1], VDS2[2], VDS2[3] and VDS2[4] 1n FIG. 9. In
this embodiment, because a difference between the voltages
VDS2 [3] and VDS2 [4] 1s smaller than the predetermined
difference threshold, which indicates that the voltage VDS2
has been stable, the secondary side controller circuit (304,
306, 307, or 308) takes the last sample-and-hold result as the
first voltage Vvl.

The present invention has been described 1n considerable
detaill with reference to certain preferred embodiments
thereof. It should be understood that the description 1s for
illustrative purpose, not for limiting the scope of the present
invention. An embodiment or a claim of the present inven-
tion does not need to achieve all the objectives or advantages
of the present invention. The title and abstract are provided
for assisting searches but not for limiting the scope of the
present invention. Those skilled i1n this art can readily
conceive variations and modifications within the spirit of the
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present 1nvention. For example, to perform an action
“according to” a certain signal as described 1n the context of
the present invention 1s not limited to performing an action
strictly according to the signal itself, but can be performing
an action according to a converted form or a scaled-up or
down form of the signal, 1.¢., the signal can be processed by
a voltage-to-current conversion, a current-to-voltage con-
version, and/or a ratio conversion, etc. before an action 1s
performed. It 1s not limited for each of the embodiments
described hereinbefore to be used alone; under the spirit of
the present mvention, two or more ol the embodiments
described hereinbefore can be used in combination. For
example, two or more of the embodiments can be used
together, or, a part of one embodiment can be used to replace
a corresponding part of another embodiment. In view of the
foregoing, the spirit of the present invention should cover all
such and other modifications and variations, which should
be interpreted to fall within the scope of the following claims
and their equivalents.

What 1s claimed 1s:

1. A flyback power converter, which 1s configured to
operably convert an mput voltage to an output voltage; the
flyback power converter comprising:

a power transformer, which 1s coupled between the input

voltage and the output voltage;

a primary side switch, which 1s coupled to a primary side
winding of the power transformer, wherein the primary
side winding 1s coupled to the input voltage;

a synchronous rectification (SR) switch, wherein a sec-
ondary side winding of the power transformer and the
SR switch are coupled 1n series to each other between
the output voltage and a secondary side ground node;

a primary side controller circuit, which 1s configured to
operably generate a switching signal, to control the
primary side switch, thereby controlling the primary
side winding of the power transformer; and

a secondary side controller circuit, which 1s configured to
operably generate an SR signal, to control the SR
switch, thereby controlling the secondary side winding,
of the power transformer to generate output voltage,
wherein the SR signal includes an SR pulse and a zero
voltage switching (ZVS) pulse, wherein the SR pulse 1s
configured to operably control the SR switch to be ON
for an SR period, to achieve synchronous rectification
at the secondary side, and wherein the ZVS pulse 1s
configured to operably control the SR switch to be ON
for a ZVS pernod, thereby achieving zero voltage
switching of the primary side switch;

wherein during a period between an ending time point of
the ZVS pulse to a following starting time point of the
SR pulse, the secondary side controller circuit 1s con-
figured to operably sample-and-hold a voltage of a first
end of the SR switch to be a first voltage and the
secondary side controller circuit 1s configured to oper-
ably determine a length of the ZVS period according to
the first voltage, wherein the first voltage 1s propor-
tional to the input voltage, and wherein the first end of
the SR switch corresponds to a current output end or a
current 1nput end of the SR switch.

2. The flyback power converter of claim 1, wherein the

secondary side controller circuit includes:

a sample-and-hold circuit, which 1s configured to oper-
ably sample-and-hold the voltage of the first end of the
SR switch to be the first voltage during the period
between the ending time point of the ZVS pulse to the
following starting time point of the SR pulse;
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a level comparison circuit, which 1s configured to oper-
ably compare the first voltage with at least one refer-
ence level, to generate a first comparison result corre-
sponding to the first voltage; and

a time generation circuit, which 1s configured to operably
determine the length of the ZVS period according to the
first comparison result corresponding to the first volt-
age.

3. The flyback power converter of claim 2, wherein the
secondary side controller circuit 1s configured to operably
determine the length of the ZVS period turther according to
the output voltage.

4. The flyback power converter of claim 3, wherein the
secondary side controller circuit 1s directly coupled to the
output voltage, to operably determine the length of the ZVS
period further according to the output voltage.

5. The flyback power converter of claim 3, wherein:

during a period between an ending time point of the SR
pulse to a following starting time point of the ZVS
pulse, the secondary side controller circuit 1s config-
ured to operably sample-and-hold a voltage of the first
end of the SR switch to be a second voltage, and the
secondary side controller circuit 1s configured to oper-
ably determine the length of the ZVS period further
according to the second voltage, wherein the second
voltage 1s proportional to the output voltage.

6. The flyback power converter of claim 5, wherein:

the sample-and-hold circuit 1s further configured to oper-
ably sample-and-hold the voltage of the first end of the
SR switch to be the second voltage during the period
between the ending time point of the SR pulse to the
following starting time point of the ZVS pulse;

the level comparison circuit 1s further configured to
operably compare the second voltage with the least one
reference level, to generate a second comparison result
corresponding to the second voltage; and

the time generation circuit 1s further configured to oper-
ably determine the length of the ZVS period further
according to the second comparison result correspond-
ing to the second voltage.

7. The flyback power converter of claim 4, wherein the

secondary side controller circuit further includes:

a selection circuit, which 1s configured to operably deter-
mine whether the level comparison circuit receives the
first voltage or the output voltage;

wherein when the level comparison circuit receives the
first voltage, the level comparison circuit 1s configured
to operably compare the first voltage with the at least
one reference level, to generate the first comparison
result corresponding to the first voltage;

wherein when the level comparison circuit receives the
output voltage, the level comparison circuit 1s config-
ured to operably compare the output voltage with the at
least one reference level, to generate the second com-
parison result corresponding to the second voltage;

wherein the time generation circuit 1s configured to oper-
ably determine the length of the ZVS period according
to the first comparison result corresponding to the first
voltage and the second comparison result correspond-
ing to the second voltage.

8. The flyback power converter of claim 1, wherein the
secondary side controller circuit 1s configured to operably
sample-and-hold the voltage of the first end of the SR switch
to be the first voltage after a delay period from an ending
time point of the ZVS pulse; wherein at the ending time
point of the delay period, the voltage of the first end of the
SR switch has already been stable.
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9. The flyback power converter of claim 1, wherein
starting from an ending time point of the ZVS pulse, the
secondary side controller circuit 1s configured to operably
sample-and-hold the voltage of the first end of the SR switch
for plural times until a difference between two consecutive
sample-and-hold results 1s smaller than a predetermined
difference threshold; wherein under a situation where the
two consecutive sample-and-hold results 1s smaller than the
predetermined difference threshold, the secondary side con-
troller circuit takes a last sample-and-hold result as the first
voltage.

10. The flyback power converter of claim 1, wherein the
input voltage 1s equal to n-fold of the first voltage, wherein
n 1s a turn ratio of the primary side winding to the secondary
side winding.

11. The flyback power converter of claim 1, wherein the
flyback power converter operates under a discontinuous
conduction mode (DCM) or a boundary conduction mode
(BCM).

12. The flyback power converter of claim 2, wherein the
level comparison circuit 1s configured as one of the follow-
ng:

(1) the level comparison circuit includes:

a digital-to-analog conversion circuit, which 1s config-
ured to operably generate the at least one reference
level 1 analog form; and

a voltage comparison circuit, which 1s configured to
operably compare the first voltage with the at least
one reference level in analog form, to generate the
first comparison result; or

(2) the level comparison circuit includes:

an analog-to-digital conversion circuit, which 1s con-
figured to operably convert the first voltage to a first
digital code corresponding to the first voltage; and

a digital comparison circuit, which 1s configured to
operably compare the first digital code with a digital
level, to generate the first comparison result, wherein
the digital level corresponds to the at least one
reference level.

13. A secondary side controller circuit, which 1s config-
ured to operably control a flyback power converter, wherein
the flyback power converter 1s configured to operably con-
vert an input voltage to an output voltage, the flyback power
converter including: a power transformer, which 1s coupled
between the mput voltage and the output voltage; a primary
side switch, which 1s coupled to a primary side winding of
the power transformer, wherein the primary side winding 1s
coupled to the imput voltage; a synchronous rectification
(SR) switch, wherein a secondary side winding of the power
transformer and the SR switch are coupled 1n series to each
other between the output voltage and a secondary side
ground node; and a primary side controller circuit, which 1s
configured to operably generate a switching signal, to con-
trol the primary side switch, thereby controlling the primary
side winding of the power transformer; wherein the second-
ary side controller circuit 1s configured to operably generate
an SR signal, to control the SR switch, thereby controlling
the secondary side winding of the power transformer, so as
to generate output voltage, wherein the SR signal includes
an SR pulse and a zero voltage switching (ZVS) pulse,
wherein the SR pulse 1s configured to operably control the
SR switch to be ON for an SR period, to achieve synchro-
nous rectification at the secondary side, and wherein the
ZVS pulse 1s configured to operably control the SR switch
to be ON for a ZVS period, thereby achieving zero voltage
switching of the primary side switch; the secondary side
controller circuit comprising:
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a sample-and-hold circuit, which 1s configured to oper-
ably sample-and-hold a voltage of a first end of the SR
switch to be a first voltage during a period between an
ending time point of the ZVS pulse to a following
starting time point of the SR pulse, wherein the first
voltage 1s proportional to the mput voltage, and
wherein the first end of the SR switch corresponds to a
current output end or a current input end of the SR
switch; and

a time generation circuit, which 1s configured to operably
determine the length of the ZVS period according to the
first voltage.

14. The secondary side controller circuit of claim 13,
wherein the secondary side controller circuit 1s configured to
operably determine the length of the ZVS period further
according to the output voltage.

15. The secondary side controller circuit of claim 14,
wherein the secondary side controller circuit 1s directly
coupled to the output voltage, to operably determine the
length of the ZVS period further according to the output
voltage.

16. The secondary side controller circuit of claim 14,
wherein during a period between an ending time point of the
SR pulse to a following starting time point of the ZVS pulse,
the secondary side controller circuit i1s further configured to
operably sample-and-hold a voltage of the first end of the SR
switch to be a second voltage and the secondary side
controller circuit 1s configured to operably determine the
length of the ZVS penod further according to the second
voltage, wherein the second voltage 1s proportional to the
output voltage.

17. The secondary side controller circuit of claim 16,
wherein:

the sample-and-hold circuit is further configured to oper-
ably sample-and-hold the voltage of the first end of the
SR switch to be the second voltage during the period
between the ending time point of the SR pulse to the
following starting time point of the ZVS pulse; and

the time generation circuit 1s further configured to oper-
ably determine the length of the ZVS period turther
according to the second voltage.

18. The secondary side controller circuit of claim 185,
wherein the secondary side controller circuit further
includes:

a selection circuit, which 1s configured to operably deter-
mine whether the level comparison circuit receives the
first voltage or the output voltage;

wherein the time generation circuit 1s configured to oper-
ably obtain information of the first voltage or informa-
tion of the output voltage according to a selection result
of the selection circuit and the time generation circuit
1s configured to operably determine the length of the
Z VS period according to the first voltage and the output
voltage.

19. The secondary side controller circuit of claim 13,
wherein the secondary side controller circuit 1s configured to
operably sample-and-hold the voltage of the first end of the
SR switch to be the first voltage after a delay period from an
ending time point of the ZVS pulse; wherein at the ending
time point of the delay period, the voltage of the first end of
the SR switch has already been stable.

20. The secondary side controller circuit of claim 13,
wherein starting from an ending time point of the ZV'S pulse,
the secondary side controller circuit i1s configured to oper-
ably sample-and-hold the voltage of the first end of the SR
switch for plural times until a difference between two
consecutive sample-and-hold results 1s smaller than a pre-
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determined diflerence threshold; wherein under a situation
where the two consecutive sample-and-hold results 1s
smaller than the predetermined difference threshold, the
secondary side controller circuit takes a last sample-and-
hold result as the first voltage.

21. A control method for controlling a flyback power
converter, wherein the flyback power converter 1s configured
to operably convert an input voltage to an output voltage, the
flyback power converter including: a power transiformer,
which 1s coupled between the iput voltage and the output
voltage; a primary side switch, which 1s coupled to a primary
side winding of the power transformer, wherein the primary
side winding 1s coupled to the mput voltage; a synchronous
rectification (SR) switch, wherein a secondary side winding,
of the power transformer and the SR switch are coupled 1n
series to each other between the output voltage and a
secondary side ground node; and a primary side controller
circuit, which 1s configured to operably generate a switching
signal, to control the primary side switch, thereby control-
ling the primary side winding of the power transformer;
wherein the secondary side controller circuit 1s configured to
operably generate an SR signal, to control the SR switch,
thereby controlling the secondary side winding of the power
transformer to generate output voltage, whereimn the SR
signal includes an SR pulse and a zero voltage switching
(ZVS) pulse, wherein the SR pulse 1s configured to operably
control the SR switch to be ON for an SR period, to achieve
synchronous rectification at the secondary side, and wherein
the ZVS pulse 1s configured to operably control the SR
switch to be ON for a ZVS period, thereby achieving zero
voltage switching of the primary side switch; the control
method comprising:

during a period between an ending time point of the ZVS

pulse to a following starting time point of the SR pulse,
sampling-and-holding a voltage of a first end of the SR
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switch to be a first voltage, wherein the first voltage 1s
proportional to the iput voltage, and wherein the first
end of the SR switch corresponds to a current output
end or a current mput end of the SR switch; and
determining a length of the ZVS period according to the

first voltage.
22. The control method of claim 21, further comprising:
during a period between an ending time point of the SR
pulse to a following starting time point of the ZVS
pulse, sampling-and-holding a voltage of the first end
of the SR switch to be a second voltage; and

determining the length of the ZVS period further accord-
ing to the second voltage, wherein the second voltage
1s proportional to the output voltage.

23. The control method of claim 21, wherein the step of
sampling-and-holding the voltage of the first end of the SR
switch to be the first voltage includes:

sampling-and-holding the voltage of the first end of the

SR switch to be the first voltage after a delay period
from an ending time point of the ZVS pulse;

wherein at the ending time point of the delay period, the

voltage of the first end of the SR switch has already
been stable.

24. The control method of claim 21, wherein the step of
sampling-and-holding the voltage of the first end of the SR
switch to be the first voltage includes:

starting from an ending time point of the ZVS pulse,

sampling-and-holding the voltage of the first end of the
SR switch for plural times until a difference between
two consecutive sample-and-hold results 1s smaller
than a predetermined difference threshold; and

when the two consecutive sample-and-hold results 1s

smaller than the predetermined difference threshold,
taking a last sample-and-hold result as the first voltage.
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